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Aims To determine the myocardial salvage index, the extent of infarction needs to be related to the myocardium at risk 

(MaR). Thus, the ability to assess both infarct size and MaR is of central clinical and scientific importance. The aim of 
the present study was to explore the relationship between T2-weighted cardiac magnetic resonance (CMR) and 
contrast-enhanced steady-state free precession (CE-SSFP) CMR for the determination of MaR in patients with 
acute myocardial infarction. 

Methods Twenty-one prospectively included patients with first-time ST-elevation myocardial infarction underwent CMR 1 

and results week after primary percutaneous coronary intervention. For the assessment of MaR, T2-weighted images were 

acquired before and CE-SSFP images were acquired after the injection of a gadolinium-based contrast agent. For 
the assessment of infarct size, late gadolinium enhancement images were acquired. The MaR by T2-weighted 
imaging and CE-SSFP was 29 + 11 and 32 + 12% of the left ventricle, respectively. Thus, the MaR with T2-weighted 
imaging was slightly smaller than that by CE-SSFP ( — 3.0 + 4.0%; P<0.01). There was a significant correlation 
between the two MaR measures (r 2 = 0.89, P < 0.01), independent of the time after contrast agent administration 
at which the CE-SSFP was commenced (2-8 min). 

Conclusion There is a good agreement between the MaR assessed by T2-weighted imaging and that assessed by CE-SSFP in 

patients with reperfused acute myocardial infarction 1 week after the acute event. Thus, both methods can be 
used to determine MaR and myocardial salvage at this point in time. 

Keywords Myocardium at risk • Myocardial salvage • Infarct size • Cardiovascular magnetic resonance • T2-weighted 

imaging • Contrast-enhanced SSFP 



Introduction 

Ischaemic heart disease is the leading cause of morbidity and 
mortality in the Western world. The number of patients who 
developed an acute myocardial infarction has been increasing 
exponentially. It was recently estimated that 935 000 new 



cases of acute coronary occlusion are identified each year in the 
USA. 1 

Several experimental studies have demonstrated that the region 
supplied by the occluded coronary artery, also known as myocar- 
dium at risk (MaR), is a major independent variable that determines 
the final infarct size, which in turn is closely related to the clinical 
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outcome. 2-7 The difference between MaR and infarct size is used 
to calculate the myocardial salvage index, which is a measurement 
of the effectiveness of acute interventions aimed at reducing the 
extent of myocardial infarction. 8,9 Thus, a feasible and accurate 
method for determination of MaR is of significant value in clinical 
studies evaluating the efficiency of cardioprotective therapies. 

Cardiovascular magnetic resonance (CMR) imaging is currently 
considered the reference standard for in vivo assessment of myo- 
cardial infarction using late gadolinium-enhanced (LGE) imaging. 10 
Recently, CMR has also been introduced as a promising method 
for assessing MaR using T2-weighted imaging 11-14 up to 1 week 
after the acute event. 15 Thus, CMR can be used to calculate the 
myocardial salvage index by a single CMR imaging session several 
days after the acute event in a stable clinical setting. Even though 
T2-weighted imaging is promising for the assessment of MaR, this 
technique still has certain limitations such as difficulties in distin- 
guishing blood pool from the myocardium, especially in the 
apical parts of the left ventricle (LV) where hypokinesia and trabe- 
culation cause stagnant blood flow. 16 

More recently, a new CMR method for assessment of MaR, re- 
ferred to as contrast-enhanced steady-state free precession 
(CE-SSFP), has been introduced. 17 This technique is based on ac- 
quisition of time-resolved steady-state free precession images 
after injection of the gadolinium-based contrast agent and was re- 
cently validated against myocardial perfusion single-photon emis- 
sion computed tomography (SPECT). 17 Still, CE-SSFP has not 
been compared head-to-head with T2-weighted imaging. 

Therefore, the aim of the present study was to explore the re- 
lationship between CE-SSFP and T2-weighted imaging with regard 
to MaR in patients with first-time reperfused acute myocardial 
infarction. 

Methods 

Study population 

The protocol and procedures were approved by the regional research 
ethics committee and all patients gave their written consent. Between 
April 2009 and October 2010, 21 patients (age 59 + 10 years, 17 
males) presenting with first-time acute ST-elevation myocardial infarc- 
tion (STEMI), due to an occluded coronary artery confirmed by angi- 
ography, were prospectively included in the study. All patients were 
treated with primary percutaneous coronary intervention with coron- 
ary stenting, resulting in TIMI grade III flow in the culprit artery. Five 
patients have been included in an earlier study. 18 

Cardiovascular magnetic resonance 

One week after admission, CMR was performed using a 1.5 T Philips 
Intera CV (Philips, Best, The Netherlands). Images were obtained 
using a five-element chest array surface coil with two anterior and 
three posterior elements. All subjects were placed in supine position 
and images were acquired at end-expiratory breath hold with vectro- 
cardiographic gating. Initial scout images were acquired to locate the 
heart, and a dark-blood T2-weighted triple inversion turbo spin-echo 
sequence (T2-STIR) was employed to depict the MaR. T2-weighted 
images were acquired in the short-axis view, covering the LV from 
the base to the apex. Imaging parameters for the T2-weighted se- 
quence were: echo time, 100 ms; repetition time, 2 heart beats; 
echo train length, 33; number of averages, 2; inversion time, 180 ms; 



image resolution, 1.5 x 1.5x8 mm; slice gap, 0 mm. No parallel 
imaging was performed, but surface coil intensity correction was per- 
formed to minimize the signal inhomogeneities due to differences in 
receiver coil sensitivity. 

Acquisition of short-axis, retrospectively gated SSFP cine images, cov- 
ering the LV from the base to the apex, were initiated within 8 min after 
the administration of 0.2 mmol/kg extracellular gadolinium-based con- 
trast agent (gadoteric acid, Gd-DOTA; Guerbet, Gothia Medical AB, 
Billdal, Sweden). These images were referred to as CE-SSFP images 
(see Supplementary data online, Movie SJ). Typical image parameters 
were: echo time, 1.4 ms; repetition time, 2.9 ms; flip angle, 60°; image 
resolution, 1.5 x 1.5 x 8 mm; slice gap, 0 mm. No parallel imaging 
was performed to maximize the signal-to-noise ratio (SNR). 

Long- and short-axis LGE images covering the LV were then acquired 
~15 min after injection of gadolinium. The LGE images were acquired 
with an inversion-recovery sequence with following image parameters: 
slice thickness, 8 mm; field of view, 340 mm; flip angle, 15 '"'; repetition 
time, 4.2 ms; echo time, 1.3 ms; image resolution, 1.4 x 1.4 x 8 mm; 
slice gap, 0 mm; parallel imaging with a SENSE factor of 2. The inversion 
time was adjusted to null the signal from viable myocardium. 19 

Image analysis 

All CMR images were analysed using the freely available software 
Segment v1.8 (http://segment.heiberg.se). 20 

The MaR derived from T2-weighted imaging was assessed according to 
a previously described methodology. 15 In short, endocardial and epicar- 
dial borders of the LV were traced in all short-axis slices, followed by 
manual delineation of the hyperintense regions by two blinded observers. 
The papillary muscles were excluded from the myocardium. The MaR 
was then defined as the total amount of hyperintense myocardium in 
all short-axis slices and expressed as percentage of LV. If present, 
hypo-intense myocardium within the area of increased signal intensity 
(microvascular obstruction) was included in the MaR. 

The MaR derived from CE-SSFP was also assessed according to pre- 
viously described methodology. 17 In short, endocardial and epicardial 
borders of the LV were traced in all short-axis slices in end-diastole 
and end-systole, followed by manual delineation of the hyperintense 
regions in both end-diastole and end-systole, by two observers 
blinded to both the T2-weighted and LGE images. The values of 
MaR in end-diastole and end-systole were averaged and expressed as 
a percentage of the LV. The contrast ratio (CR) for the CE-SSFP 
images was determined for each patient as the mean signal intensity 
in the MaR divided by the mean signal intensity in remote myocardium. 

A slice-by-slice comparison of MaR between T2-weighted imaging 
and CE-SSFP was also performed for corresponding slice positions. 

The infarcted myocardium was automatically quantified from the 
short-axis LGE images according to a previously described 
method. 21 In short, the endocardial and epicardial borders were 
traced manually with exclusion of the papillary muscles. The LGE myo- 
cardium was then defined using a computer algorithm that takes into 
consideration partial volume effects within the infarcted region. 
Manual adjustments were made when image artefacts caused misinter- 
pretation by the computer algorithm. If present, a hypointense signal 
within the area of LGE (microvascular obstruction) was included in 
the analysis as 100% infarction. Finally, the myocardial infarct size 
was expressed as a percentage of the LV. 

The myocardial salvage index was defined as: 100*[(MaR - infarct 
size)/MaR], where MaR was assessed by both T2-weighted imaging 
and CE-SSFP. 

The SNR ratio, contrast-to-noise (CNR) ratio and contrast ratio 
(CR) were determined for T2-weighted, CE-SSFP, and LGE images, re- 
spectively. The SNR was calculated as the mean signal intensity within 
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the affected region (MaR or infarcted myocardium) divided by the 
standard deviation of signal intensities within a background region of 
interest. The CNR was calculated as the SNR in the affected region 
(MaR or infarcted myocardium) - SNR within remote myocardium 
and CR was calculated as the mean signal intensity in the affected 
region (MaR or infarcted myocardium) divided by the mean signal in- 
tensity in remote myocardium. 

Statistics 

Continuous variables are presented as mean + SD if nothing else spe- 
cified. Pearson's correlation was used to determine the relationship 
between T2-weighted imaging and CE-SSFP with regard to MaR and 
myocardial salvage index. The agreement between T2-weigthed 
imaging and CE-SSFP was expressed as mean difference + SD, and 
the limits of agreement were shown in a Bland-Altman graph as 
mean + 2 SD. The inter-observer variability was expressed as mean 
difference + SD. A paired t-test was used to compare the means of 
the contrast ratio between MaR and remote myocardium for both 
T2-weighted imaging and CE-SSFP as well as difference in MaR by 
T2-weighted imaging and CE-SSFP. SPSS version 17.0 software 
package (Chicago, IL, USA) was used for analysis. Results with a 
P-value of <0.05 were considered statistically significant. 

Results 

In 59% (12 of 21) of the patients, the right coronary artery (RCA) 
was the culprit vessel and in 29% (6 of 21) of the patients, the left 
anterior descending coronary artery (LAD) was the culprit vessel. 
Furthermore, 2 patients presented with an occlusion of the left cir- 
cumflex coronary artery and 1 patient had a left main occlusion. In 
all patients, T2-weighted imaging and CE-SSFP identified the MaR 
in the same perfusion territory and in concordance with angiog- 
raphy. Figure 1A shows an example of multi-slice short-axis 
images from the base to the apex demonstrating MaR by 
T2-weighted imaging and CE-SSFP as well as myocardial infarction 
by LGE, in one patient with an occlusion in the left anterior des- 
cending coronary artery. For one patient, myocardial infarct size 
could not be determined due to poor LGE image quality resulting 
from frequent arrhythmias. Another patient had a clinical history of 
a prior infarction in a coronary territory different from that sup- 
plied by the current culprit vessel. This patient had no signs of in- 
farction by LGE imaging in the part of the myocardium previously 
reported to be infarcted. Therefore, this patient was included in 
the present study. 

Myocardium at risk 

A region with increased signal intensity by T2-weighted imaging 
and CE-SSFP was observed in all patients, yielding a mean MaR 
of 29 + 11% (range 12-65) and 32 + 12% (range 8-70) of the 
LV, respectively (Table J). 

figure fB shows three examples of the agreement of the MaR by 
T2-weighted imaging and CE-SSFP. Another example including the 
cine CE-SSFP can be seen in Supplementary data online, Movie Sf. 
Figure 2A shows a scatter plot indicating the relationship between 
T2-weighted imaging and CE-SSFP (mean of two observers). There 
was a strong correlation between the two methods (r 2 = 0.89, 
P<0.01). Figure 28 shows the limits of agreement between 
T2-weighted imaging and CE-SSFP, demonstrating a bias of 



-3.0 + 4.0% of the LV (P < 0.01). For the slice-by-slice compari- 
son, r 2 was 0.69 (P<0.01; y = 0.98x + 0.61) with a bias of 
-1.8 + 16% per slice. 

figure 3A shows the relationship between time after contrast 
agent administration at which the CE-SSFP image acquisition was 
commenced (2-8 min) and the difference between T2-weighted 
imaging and CE-SSFP for the assessment of MaR. The CE-SSFP 
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Figure I The myocardium at risk by T2-weighted imaging and 
CE-SSFP, and the infarct size by late gadolinium enhancement. (A) 
T2-weighted, CE-SSFP, and late gadolinium-enhanced short-axis 
images at the corresponding LV levels in a patient with a reper- 
fused left anterior descending coronary artery occlusion. (8) 
Single corresponding mid-ventricular short-axis images from a 
patient with an occlusion in the left anterior descending coronary 
artery (LAD), left circumflex coronary artery (LCx), and the right 
coronary artery (RCA), respectively. The epicardium is traced in 
green and the endocardium is traced in red. The hyperenhanced 
regions constituting the myocardium at risk (dashed arrows) and 
the infarcted myocardium (solid arrows) are traced in white. 
Note the similarity in location and the extent of the affected 
region between T2-weighted imaging and CE-SSFP. Also note 
the significantly smaller infarction compared with the myocar- 
dium at risk indicating a significant myocardial salvage accom- 
plished by the acute reperfusion therapy. CE-SSFP, 
contrast-enhanced steady-state free precession. 
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Table I Myocardium at risk, infarct size and myocardial salvage index for each patient 



Case no. Culprit vessel Myocardium at risk by Myocardium at risk by Infarct size by LGE (%) Myocardial 

T2W (%) CE-SSFP (%) salvage index (%) 

by 



Obs 1 Obs 2 Mean Obs 1 Obs 2 Mean Obs 1 Obs 2 Mean T2W CE-SSFP 



1 


LM 


65 


60 


63 


70 


2 


LAD 


33 


27 


30 


43 


3 


LAD 


19 


20 


20 


35 


4 


RCA 


39 


23 


31 


24 


5 


RCA 


22 


20 


21 


19 


6 


RCA 


38 


38 


38 


33 


7 


LAD 


43 


42 


43 


42 


8 


RCA 


27 


28 


28 


32 


9 


RCA 


22 


12 


17 


21 


10 


LAD 


47 


44 


46 


46 


11 


RCA 


33 


31 


32 


30 


12 


RCA 


14 


12 


13 


8 


13 


LAD 


38 


31 


35 


44 


14 


LAD 


36 


28 


32 


38 


15 


LCX 


17 


14 


16 


17 


16 


RCA 


30 


27 


29 


30 


17 


LCX 


32 


12 


22 


31 


18 


RCA 


26 


25 


26 


29 


19 


RCA 


30 


20 


25 


27 


20 


RCA 


37 


31 


34 


36 


21 


RCA 


23 


20 


22 


26 



66 


68 


49 


43 


46 


26 


32 


34 


39 


9 


10 


10 


70 


76 


28 


32 


5 


6 


6 


72 


83 


37 


31 


23 


24 


24 


24 


23 


23 


21 


6 


6 


6 


71 


71 


44 


39 


33 


32 


33 


15 


16 


46 


44 


a 


a 


a 


a 


— ' 


32 


32 


16 


14 


15 


44 


52 


29 


25 


1 


1 


1 


93 


95 


41 


44 


25 


22 


24 


49 


46 


30 


30 


12 


10 


11 


65 


63 


10 


9 


5 


9 


7 


47 


23 


40 


42 


21 


21 


21 


38 


49 


35 


37 


3 


3 


3 


92 


93 


18 


18 


8 


7 


8 


52 


57 


28 


29 


11 


12 


12 


60 


60 


19 


25 


4 


4 


4 


82 


84 


25 


27 


11 


13 


12 


52 


55 


29 


28 


7 


7 


7 


73 


76 


38 


37 


19 


16 


18 


49 


53 


27 


27 


12 


14 


13 


38 


50 



CE-SSFP, contrast-enhanced steady state free precession; LAD, left anterior descending; LGE, late gadolinium enhancement; LM, left main; LV, left ventricle; Obs, observer; RCA, 
right coronary artery; T2W, T2-weighted imaging. 

infarct size could not be assessed due to poor image quality related to frequent arrhythmias. 



imaging lasted for 2-4 min and the latest image was acquired 
12 min after contrast agent administration. There was no change 
in the relationship between the two techniques as a function of 
time after contrast agent administration. This is illustrated in a 
patient with an LAD occlusion in Figure 3B. 

In six patients, cine SSFP short-axis imaging was also performed 
prior to contrast agent administration. In five of six patients, no 
hyperenhancement was seen, which is illustrated in Figure 38. For 
one patient, a slight hyperenhancement with indistinct borders 
was found within the MaR. 

SNR within the MaR was 156 + 7 and 132+10 for the 
T2-weighted imaging and CE-SSFP, respectively (mean + SEM). 
The CNR was 58 + 3 and 27 + 6 for the T2-weighted imaging 
and CE-SSFP, respectively (mean + SEM). The contrast ratio 
between MaR and remote myocardium for T2-weighted imaging 
was 1.7 + 0.3 compared with 1.5 + 0.4 for CE-SSFP, which was 
not statistically significant different (P > 0.05). 

The interobserver variability was 5.0 + 5.4% of the LV for 
T2-weighted imaging and 0.1 + 6.2% of the LV for CE-SSFP. 

Myocardial salvage index 

The mean infarct size by LGE was 14+11% (range 1-49) of the 
LV. The interobserver variability was 0.3 + 2.2% of the LV. The 



infarct size was smaller in all patients when compared with MaR 
assessed by T2-weighted imaging (P<0.01) and CE-SSFP (P < 
0.01). 

Comparison of the infarct size by LGE in relation to MaR deter- 
mined by T2-weighted imaging and CE-SSFP yielded a myocardial 
salvage index of 56 + 22% (range: 15-93) and 58 + 23% (range: 
1 6-95), respectively (Figure 4, Table 1). There was a significant cor- 
relation (r 2 = 0.89, P<0.01) between the myocardial salvage 
index measured by the two methods (Figure 5), with an insignificant 
bias of -2.3 + 7.4% of the LV (P = 0.20). 

For the LGE images, the SNR within the infarction was 115 + 12 
and the CNR was 73 + 8. Note that the LGE images were 
acquired using parallel imaging increasing the noise levels in these 
images. The contrast ratio between remote and infarcted myocar- 
dium was 2.9 + 0.8, which was significantly higher than for 
T2-weighted imaging and CE-SSFP (P < 0.001). 

Discussion 

This study explored the agreement between MaR assessed by 
T2-weighted imaging and MaR assessed by CE-SSFP. The agree- 
ment was shown to be good, both for the assessment of MaR 
and myocardial salvage index. 
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Figure 2 The myocardium at risk by T2-weighted imaging and 
CE-SSFP. (A) MaR by T2-weighted imaging (T2W) vs. CE-SSFP. 
The solid line denotes the line of identity. (8) The Bland- 
Altman graph showing the difference between the MaR quantified 
by T2W and CE-SSFP vs. the mean of the two methods. The dif- 
ference between T2W and CE-SSFP was - 3.0 + 3.9%. CE-SSFP, 
contrast-enhanced steady-state free precession; LV, left ventricle; 
the solid line denotes mean difference; dashed lines denote 
+ 2SD. 

Both T2-weighted imaging and CE-SSFP have previously been 
validated against MaR assessed by myocardial perfusion SPECT, 
with a mean difference of -2.3 + 5.7 and 0.5 + 5.1% of the LV, 
respectively. ' In accordance with these results, the present 
study found a small bias of —3.0 + 4.0% when T2-weighted 
imaging was compared with CE-SSFP. This is, however, the first 
time these two techniques have been compared head-to-head 
which is important in order to ensure that both techniques can 
be used interchangeably in clinical cardioprotection trials using 
myocardial salvage as endpoint. 

The correlation between MaR by T2-weighted imaging and 
CE-SSFP was not as strong for the slice-by-slice comparison as 
for the global measure of MaR normalized to the entire LV. As 
the heart rate varies, the timing within the cardiac cycle at which 
the T2-weighted image is acquired varies resulting in difficulties 
with local registration of the myocardium when comparing the 
two techniques. Even though the slice position was approximately 
the same for the two acquisitions, the part of the myocardium 
depicted may differ due to AV-plane movement during the 



cardiac cycle. This is not a problem when comparing global mea- 
sures of MaR normalized to the entire LV. 

More recently, bright-blood T2-weighted sequences have been 
developed to increase the diagnostic performance of T2 CMR 

1113 14 

for oedema depiction. ' In a recent study by Payne et o(., dark- 
blood T2-STIR was shown to underestimate the MaR with ~9% 
units compared with the recently introduced bright-blood 
T2-weighted sequence (ACUT2E). 11 It was concluded that 
ACUT 2 E was more accurate for the determination of MaR and 
myocardial salvage than was dark-blood T2-STIR. Thus, CE-SSFP 
might be more accurate than dark-blood T2 in the present study 
since CE-SSFP showed larger MaR and, previously, showed no 
bias compared with myocardial perfusion SPECT. 17 

The pathophysiological basis for the enhanced myocardium 
observed using T2-weighted imaging is still not completely under- 
stood. Following acute coronary occlusion, the ischaemic myocar- 
dium shifts from aerobic metabolism to anaerobic glycolysis and 
ceases to contract. This failure of the energy-regulated membrane 
channels results in swelling of the myocytes due to influx of water 
and sodium. 23 Furthermore, reperfusion leads to inflammatory-like 
response, increasing the amount of extracellular fluid. 24 This 
increased water content in the affected myocardium is likely to 
explain the increased signal intensity compared with the non- 
affected myocardium as seen by T2-weighted imaging. Whether 
the increased water content is predominantly intracellular or 
extracellular remains to be determined. The ischaemic episode 
causes post-ischaemic stunning, 25 associated with a decreased con- 
tractility in the previously ischaemic myocardium. This decreased 
contractility is likely associated with a decreased lymphatic drain- 
age from this part of the myocardium, which may also contribute 
to residual increased water content 1 week after the acute event. 

The mechanisms behind the enhanced myocardium observed in 
CE-SSFP are not completely known either. The contrast in SSFP 
images is dependent on the T2/T1 ratio. 22 In the presence of para- 
magnetic gadolinium, the T1 for the surrounding tissue is shor- 
tened. This is utilized for infarct visualization in T1 -weighted 
inversion-recovery LGE imaging, where the concentration of an 
extracellular gadolinium-based contrast agent is increased due to 
an increased distribution volume in ischaemically injured myocar- 
dium. 26 ~ 29 It has been shown that even reversibly injured myocar- 
dium within the MaR has an increased distribution volume in the 
acute phase after an ischaemic episode. 28,29 Hence, the T2/T1 
ratio in the entire MaR, including both reversible and irreversible 
injured myocardium, is affected by the presence of gadolinium. 
This might explain the increased signal intensity in the MaR seen 
by CE-SSFP. Furthermore, it has been shown that the relationship 
between the change in T1 -relaxation rates before and after con- 
trast agent administration (AR1) in different parts of the myocar- 
dium (remote, salvaged, and infarcted) in relation to AR1 in 
blood (AR1 ratios) remains constant from 4 to 29 min after con- 
trast agent administration in acute myocardial infarction. 29 These 
earlier findings indicate that the rate of exchange of contrast 
agent between the myocardium (normal and injured) and the 
blood pool is constant and much faster than the clearance rate 
in the kidneys during the first 30 min after contrast agent adminis- 
tration. Ugander et ai 30 recently showed similar findings support- 
ing this concept using T1 mapping before and after contrast 
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Figure 3 The MaR by CE-SSFP as a function of time after Gd administration. (A) The difference between MaR by T2-weighted imaging and 
CE-SSFP as a function of time after contrast agent administration at which the CE-SSFP imaging was commenced. The relationship between MaR 
by T2-weighted imaging and CE-SSFP was not affected by increased time after contrast injection at which the CE-SSFP was commenced. (6) An 
example of a patient with an infarction within the LAD territory. It is shown that no hyperenhancement could be seen prior to Gd adminis- 
tration (A), whereas a hyperenhanced region was seen 2, 8, and 30 min after Gd administration (8-D). Note that the extent of hyperenhance- 
ment did not change during the first 30 min after Gd injection (arrows). CE-SSFP, contrast-enhanced steady-state free precession; Gd-inj, 
gadolinium contrast agent injection; T2W, T2-weighted imaging; solid line, mean difference; dashed lines = + 2SD. 



administration in experimentally induced infarction. Thus, this 
can explain why the relationship between MaR assessed by 
T2-weighted imaging and CE-SSFP did not change with time after 
contrast agent administration in the present study (Figure 3) and 
why the timing of CE-SSFP after contrast agent administration is 
not critical. Therefore, CE-SSFP could potentially be added to clin- 
ical protocols so that cine imaging is acquired after contrast agent 
administration for the assessment of LV function and MaR. 

One advantage with CE-SSFP imaging is that this technique is 
based on a multi-phase acquisition throughout the cardiac cycle. 
This enables tracking of the MaR and myocardial borders in mul- 
tiple time frames (see Supplementary data online, Movie S7), 
making delineation of both MaR and myocardial borders more 
robust. In the present protocol, MaR in the CE-SSFP images 
were traced in both end-systole and end-diastole and averaged. 
Another situation where CE-SSFP could be advantageous is 
when limited time for scanning is available, due to heavy clinical 
load or an unstable patient. In such a situation, gadolinium can 
be injected prior to the examination and the imaging protocol 
can be shortened since LV dimensions/function and MaR can be 
assessed from the same set of images. On the other hand, 
T2-weighted imaging for the determination of MaR can be per- 
formed in those patients where administration of a gadolinium- 
based contrast agent is contraindicated. Thus, there are several 
advantages of having access to more than one method for 



Late T2-Weighted CE-SSFP 

Gadolinium Imaging 
Enhancement 




Figure 4 Graphical display of myocardial salvage. Mid- 
ventricular short-axis slices in a patient with a right coronary 
artery occlusion. The epicardium is traced in green, the endocar- 
dium is traced in red, and the affected region is traced in white. 
The infarcted myocardium on the late gadolinium-enhanced 
image is superimposed (orange) on the myocardium at risk 
within the T2-weighted image and the CE-SSFP image. The non- 
coloured part of the myocardium at risk defines the salvaged 
myocardium. For this patient, T2-weighted imaging and 
CE-SSFP showed 52 and 55% myocardial salvage, respectively. 
CE-SSFP, contrast-enhanced steady-state free precession. 

determination of MaR by CMR and we recommend both 
T2-weighted imaging and CE-SSFP to be implemented in the 
imaging protocol. Owing to the relatively small differences in 
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Figure 5 Myocardial salvage by T2-weighted imaging and 
CE-SSFP. (A) The myocardial salvage index measured by 
T2-weighted imaging vs. myocardial salvage index measured by 
CE-SSFP; the solid line denotes the line of identity. (B) The 
Bland-Altman graph showing the difference between myocardial 
salvage index quantified by T2W and CE-SSFP vs. the mean of the 
two methods. The difference between T2W and CE-SSFP was 
— 2.3 + 7.4%; the solid line denotes the mean difference; 
dashed lines represent + 2SD. CE-SSFP, contrast-enhanced 
steady-state free precession; LV, left ventricle; MaR, myocardium 
at risk; T2W, T2-weighted imaging. 

signal intensity between MaR and remote myocardium, we recom- 
mend not to use parallel imaging when acquiring CE-SSFP images 
as this decreases the SNR. No significant difference in the contrast 
ratio between T2-weighted imaging and CE-SSFP imaging was 
found in the present study where no parallel imaging was 
performed. 

Study limitations 

The present study was performed on a limited number of STEMI 
patients, all undergoing successful reperfusion. Thus, how this 
would translate to a non-STEMI population or to patients 
treated with thrombolytic therapy is not known. 



Since only a few female patients where included, gender per- 
spective cannot be evaluated. 

No semi-quantitative method was used to determine the MaR 
by both T2-weighted imaging and CE-SSFP, since the signal inten- 
sities of the MaR and the remote myocardium varied between 
slices and between patients, making it difficult to choose a fixed 
standard deviation of signal intensities to differentiate MaR from 
remote myocardium. 

Conclusions 

There is a good agreement between MaR assessed by T2-weighted 
imaging and MaR assessed by CE-SSFP in patients with reperfused 
acute myocardial infarction 1 week after the acute event. Thus, 
both methods can be used to determine MaR and subsequently 
myocardial salvage at this point in time. 

Supplementary data 

Supplementary data are available at European Heart Journal - 
Cardiovascular Imaging online. 
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